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Subject: Diffuse Density and the Densitometer STATINTL
CC:
~ INTRODUCTION

The purpose of this memorandum s to bring to light somgTATINTL
crepancles and their causes between diffuse density as determined by the

BN icnsitometer and diffuse density as defined vy

"PH 2-19-1959, The discrepancies became apparent when an attempt was made

STATINTL to calibrate the -densitometer with a set of-glass filte sl FaltiNEL

than the calibratlon step wedge supplied by The density aiBTATINEL

that were observed were often greater than 0.2 with the glass filters always

reading lower, -

-

NUMERICAL APERTURES

It was immedlately discovered that the numerical aperture of the
source was set at 0, 4 which corresponds to a full cone angle of 47°, This is far
greater than the 2Q° m'aximum cone angle specified by the National Bureau of
Standards, * The source box was opened, and the source geometry adjusted to

provide a numerical aperture of 0, 05 which is well within the maximum allowed
angle, oo ST el i - T
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STATINTL
DENSITY DIFFERENCE :

STATINTL The - densitometer was calibrated from the _cali-

bration wedge and density readings were taken of every step in the wedge as
STATINTL well as each JJJliciass filter of the series. The results are presented in
STATINTL Table 1. Density differences of 0,01 or 0.02 between the values quoted by
- ¢ those read on their instruments are normal andare a result of
limitations due to meter scale resclution, precision with which the calibrating
potentiometers can be adjusted, and possibly the stability of the light STWFERITL
The discrepancies between the stated values of the- glass filter densities
" : . ~ ] o
and their values as measured by the [Jjjjjjjdensitometer are large STAAtTT[iﬁPL

densities the discrepancy is 0.3 density units,

- COLOR DIFFERENCES

Since the numerical aperture of the source had been adjusted to a
srmall value, and the light emerging f'i'om the sample {ilm was "'collected"
entirely by a diffuser in contact with the sample, the gecometry of the optics was
not suspected of being in error. Attention was then turned to the possibility that
the source 'cowor' (intensity distribution with wavelength) was different than those
for which the densities had been calibrated,

What is now necessary to know is how diffuse density varies with

STATINTL wavelength for both the -wedge (film) and the [l slass filQFARNMIL
“"fhe overall wavelength response of the [l densitometer. This 'éulfxﬁ.rﬁ\?.fton

STATINTL Was obtained in a crude but rapid manner by inserting the sample (film or glass)

> in the calibration filter holder of the- microdensitometer and SCSan/&ilglﬁl%L

_ 33-80-02 wedge interference filter. The overall way,

response of the microdensitometer is approximately the same as the

densitometer since they both utilize tungsten filament sources and 931A photo-
multiplier tube detectors. The scanning optics consisted of a narrow slit and a
high magnification of the analytical microscope assembly to provide a narrow
scanning aperture and hence a narrow wavelength response for the wedge inter-
ference filter. In addition, the numerical aperture of the source was kept
small to further provide a narrow wavelength response by not allowing oblique
rays through the interference wedge.
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STATINTL

- Calibration Wedge - Filters STATINTL

Stated Indicatcd Stated Indicated

1 0.05 0.07 0.21 0.16
2 0.17 0.18 0.69 0,57
3 0.31 0.32 1,06 0,84
4 0.45 0. 47 1.51 1,23
5 0.59 . 0,62 1.83 1.50
6 0.74 0,76 . 2,22 1.85
7 0.88 10.90 2,60 2,16
8 1.04 1.06 3,15 2,75
9 1.21 1.22 3.88 3,54
10 1.36 1.38 |

N gy 1,51 1,52
12 1,64 1,064
13 1,80 1.79
14 1.96 1,95

i 15 2.11 2,10

i 16 2,28 2,25

g 17 2. 46 2.43

3 18 2. 62 2,62

: 19 2,77 2,83

o 20 2.93 3,03

o 21 3,09 3,20

TABLE 1

STATED AND INDICATED DENSITIES
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Thrce scans were taken, The first was with a glass filtSd ATINTL
density of about 1.5, The second was with the _calibrating wedge at
a density of approximately 1.4, The last scan was carried out with no sample
to provide the éystem response. For each of the two filters the system density
values were subtracted from the sample densities for corresponding positions
along the interference wedge, and these differences converted to transmission
and normalized to a maximum value of unity, The density values for the
""system only'' were directly converted to transmission and similarly normalized,
Finally, a rough wavelength calibration was performed by determining the
positions along the interference wedge of four spectral lines of mercury,
Figure 1 is a plot of the relative transmission with the wavelengths included,
Since the spectral region where large differences are in evidence occur in
the region of low system response, the differences in the spectral transmissions
of the filters could not mean the difference of a factor of two in overall trans-

mission. Further consideration of spectral differences were not continued,

DETECTOR GEOMETRY STATINTL

It wasnow renlized that a poor diffuser could yield erroneous answers
even when all the light emerging fromthe sample was collected,. Consider the
geometry in Figure 2 which is symbolic of the detector optics of the-
densitometer. The measurement of the light intensity emerging from the
sample takes place in two steps. First, the diffuser samples the light from |
the sample and becomes a source itself for the detector. Second, the de-
tector samples the light emerging from all points of the diffuser, There are

three general classes of defects which when possessed by the diffuser could

(W DETECTOR

A DIFFUSER

) SAMPLE
=+ >~

ha SOURCE APERTURE

T

FIGURE 2
DETECTOR GEOMETLY
Approved For Release 2001/04/02 : CIA-RDP78B04747A000200010037-9



__ Approved For Rease 2001/04/02 : CIA-RDP78B4747A000200010037-9

i . Fi.s‘.‘ W - ,SPec_Tvo.\ Res ponse ‘ of . Filtevs . and Systém )

STATINTILO _|

T g T

]
... 540 R

- -AKL [EUUSUT O S e ,\ e o e e e L
. Position Rlong Interference Wedge e e
~-Approved For Release 2001/04/02.: CIA-RDP78B04747A000200010037-9°

. l . . -
S P TE SU T T L




NERIE | wba
Approved For Release 2001/04/02 : CIA-RDP78B04747A000200010037-9

)

yield wrong answers with this geometry. These possibilities are shown in

Figure 3. It is necessary that the detector of Figure 2 sample the light leaving

me N
T 7

(2) NON-UNIFORM (b) HON-1SOTROPIC (c) BIASED

FIGURE 3

DIFFUSER DEFECTS

7' eke diffuser such that it yields a measure of the ligllt entering the diffuser re-
gardless of position or angle of incidence. In Figure 3 the arrows are rays -
incident on the diffuser, and the curves represecnt the strength of the emission
pattern for the diffuser. Figure 3a simply demonstrates the possibility that
the diffuser is not uniform and attenuation through the diffuser depends on which
areca of the diffuscr is used, Figure 3b shows a non-isotropic emission pattern
which in the gcometry of Figure 2 would give a higher intensity reading in the center
of the diffuser than at the border., Figurc 3c shows a possible reduction in
emission for oblique rays. This would also yield a higher intensity reading in the

- diffuser center than at the border simply because the rays entering the center

are normal and those entering the diffuser ncar the border arc oblique. There-

fore, either or both of the defects of Figure 3b or 3¢ could give a lower density

reading for a non~-scattering filter (glass) than a scattering filter (f%‘TATlNTL

STATINTL Verification that the diffuser was poor was a result of repeating some
of the density measurements with additional diffusers between the sample and the
B icocitometer diffuser. This reduced the density differcnce of 0.3, for

STATINTL a density of about 1,5, to less than 0.1, It was thereforc concluded the-

diffuser is the major source of discrepancies in density readings betwcen the

h
_ glass standards. STATINTL

Ext, 562
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